Brown-headed Cowbird (Molothrus ater) parasitism is thought to be partly influenced by density of the host species, although tests of host density are relatively rare. We examined parasitism rates relative to the density of individual host species and densities of coexisting host species. We monitored 392 nests among coexisting host species and measured their densities among six habitats on Fort Hood Military Reservation, Texas during 1991-1992 to test the hypothesis that coexisting species affect parasitism rates in the endangered Black-capped Vireo (Vireo atricapillus). Black-capped Vireos and White-eyed Vireos (V. griseus)suffered three to four times higher cowbird parasitism than Northern Cardinals (Cardinalis cardinalis) or Painted Buntings (Passerina ciris). After controlling for removal of female cowbirds,' which has been conducted on the study site since 1988: parasitism rates in Black-capped Vireos were positively correlated with cumulative host density in general, and Northern Cardinal density in particular. Only density of Northern Cardinals explained a significant amount of variation in parasitism rates in Black-capped Vireos among sites. We suggest that cowbirds may be attracted to conspicuous species, such as cardinals, and that high densities of such species may negatively affect coexisting species by increasing probabilities of being parasitized. Vireo nests were characterized by less nest concealment, greater canopy cover, and more stems than other species. However, nest site and vegetation characteristics did not differ between parasitized and unparasitized nests for any species, suggesting habitat was unimportant to parasitism.
. Species can affect each other both directly and indirectly. Indirect effects may be subtle and difficult to detect. Most work on indirect effects has focused on predator-prey interactions. For example, coexisting prey species can increase predation on each other when they share a predator that ret5951 sponds to their cumulative densities (Holt 1977 , Schmitt 1987 , Martin 1988 , 1996 . Similar interactions have been suggested for brood parasites and their hosts (Martin 1992) , but this has not been rigorously tested.
Circumstantial evidence suggests that cowbirds may respond to cumulative densities of coexisting host species. Lowther and Johnston (1977) found higher densities of cowbirds where bird (i.e., potential host) density was greatest. Cowbird abundance also was highly correlated with host density in Illinois (Robinson and Wilcove 1994). If cowbirds respond to cumulative host densities, coexistence of host species may increase the probability of parasitism on each other (Martin 1992 ). On the other hand, Yellow Warblers (0. petechia) had lower parasitism rates in areas with high densities of Red-winged Blackbirds (Agelaius phoeniceus) than in areas with low densities of blackbirds (Clark and Robertson 1979) because the aggressive and colonial nature of blackbirds may make surreptitious entry by cowbirds difficult. For less aggressive and noncolonial species, cowbirds might be attracted to areas with more hosts because of the increased opportunities for parasitism, and cowbirds may be particularly attracted to areas with highly conspicuous hosts. Such responses could lead to negative (detrimental) effects of coexisting species on each other (Martin 1992 ). The potential existence of such effects are important to examine because they can provide insight into cowbird host searching behavior and may be important to the management of endangered species threatened with cowbird parasitism; abundance or types of coexisting hosts may affect parasitism probability of the endangered species.
Alternatively, probability of parasitism may be more strongly influenced by habitat characteristics near the nest sites than by coexisting hosts. ). Six to thirteen census points, with 100-m intervals between points, were established in each habitat patch. Census points were laid out either in a grid or a transect depending on shape of the habitat patch. Number of points varied due to size of habitat patch. Censuses were conducted between 06:OO and 10:00 by a single obtest for a relationship between parasitism rate in Black-capped Vireos and rate of female cowbird removal at each site in 1991-1992. Because nest site characteristics did not differ between Black-capped and White-eyed Vireos (V. griseus) (Barber, unpubl. data), we also used linear regression to test for a relationship between parasitism rate in all vireos and rate of female cowbird removal. Residuals from these regressions represent relative parasitism rates with the effects of female cowbird removal removed. Reserver in both years. At each point, we counted siduals then were plotted against cumulative for 10 min the number of birds of each species host density and density of individual species to detected within a 25 m radius circle. Each site look for a relationship between host densities was censused four times per season. Four sites and parasitism rates in vireos. Pearson partial were censused in 1991 and six in 1992. Cumu-correlation (r-J was used to test for a relationship lative host density and density of individual spe-between (1) cowbird parasitism and cumulative ties were calculated as the number of individuhost density and (2) cowbird parasitism and denals detected per point. sity of individual species, while controlling for removal of female cowbirds.
NEST MEASUREMENTS
We tested whether cumulative host density For each active nest we recorded (1) nest height, and species density differed between years and (2) nest substrate, (3) orientation of nest with among sites. Mann-Whitney U-tests were used respect to central stem of nest substrate, (4) dis-to test for differences in cumulative host and tance of nest from main stem, (5) percent can-species density between years for each plot. opy cover (measured as the amount of canopy Kruskal-Wallis tests were used to examine dif- Measurements of cover and stem count data were not normally distributed. Therefore, cover data were arcsine transformed and stem count data were square root transformed. buntings (G, = 0.62, P = 0.43), and chats (G, = 3.48, P = 0.06), so years were combined. Black-capped Vireos suffered approximately four times higher parasitism rates (29.9%), and White-eyed Vireos three times higher parasitism rates (23.1%), than chats (6.3%), buntings (6.7%), or cardinals (7.5%) (G4 = 25.33, P < 0.001; Fig. 1 ). Cowbird parasitism in Black-capped Vireos varied among sites (G, = 19.22, P = 0.002; Table 1 ). No vireo nests were found at Red Bluff in 1991. Only 1 vireo nest was found in 1992 and parasitism could not be determined; thus Red Bluff was not used in furthei-analyses. Parasitism rates in other species were too low to determine differences among sites.
RESULTS
Removal of female cowbirds tended to' reduce parasitism rates in Black-capped Vireos (Fig. 2) , but the relationship was not significantly different than random, possibly due to small sample size. To be conservative, we removed effects of cowbird removal when testing for a relationship between host density and parasitism rate.
HOST DENSITY
Northern Cardinals were the most abundant bird on Fort Hood (X -C SE, 1.09 ? 0.07 in 1991, 0.76 ? 0.05 in 1992, Fig. 3) . In 1991, cumulative host density, cardinal and chat densities differed among sites, whereas bunting, Black-capped and White-eyed Vireo densities did not (Table 2, Fig. 3 ). In 1992, cumulative host density and densities of all species except White-eyed Vireo differed among sites (Table 2, Fig. 3) .
Cumulative host density was correlated with parasitism rates of Black-capped Vireos and parasitism rates of all vireos when rate of female cowbird removal among sites was controlled (Fig. 4A) Cumulative host density usually is not separated into density of individual species, so it is impossible to tell whether cowbirds are attracted to cumulative host density or density of particular species. Although parasitism rates were greatest in areas with the highest cumulative host density in our study, this relationship was driven by cardinal density; cowbird parasitism in Black-capped Vireos was greatest where cardinal density was highest, and the density of other coexisting species did not affect this relationship.
Why would cowbirds respond to cardinal density rather than cumulative host density? Female cowbirds may respond to host species that are All nests in this study were found in the early successional habitat favored by Black-capped Vireos. Vireos typically chose nest sites with greater canopy cover and more saplings surrounding their nests than other shrub-nesting species (Table 3) . Increased parasitism in vireos could reflect that cowbirds preferred to search for nests in habitats where vireos preferentially nested. Yet, unparasitized nests of other species, such as Cardinals and Yellow-breasted Chat, were often found within a couple of meters and interspersed with parasitized vireo nests. These unparasitized nests occurred in the same areas and habitats that cowbirds often frequented (D. Barber, pers. observ.). Moreover, vireos suffer high parasitism even in markedly different habitat, such as eastern deciduous forests (Southern 1958) , suggesting vireos are simply highly vulnerable, regardless of habitat use (also see earlier).
Studies of endangered species threatened with cowbird parasitism have concentrated only on the endangered species and ignored coexisting species, despite the fact that Brown-headed Cowbirds are host generalists. Possible indirect effects of cardinal density on cowbird parasitism of vireos, suggested by correlations documented in this study, suggest that densities of coexisting species must be taken into account in studies of cowbird parasitism, or at the very least investigators must be aware of the effects of alternate host densities in the design of experiments and analysis of results.
